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 High prepregnancy maternal body mass index (BMI) is associated with an 
increased risk in childhood overweight and obesity. This study sought to expand 
upon the research of this phenomenon/trend by examining the role of placental 
weight in inter-generational obesity risk. 
Methods 
 This prospective birth cohort study was conducted at Boston Medical 
Center in Boston, Massachusetts. Between 1998 and 2016, the study recruited 
and tracked 1,025 mother-infant pairs who have been followed from birth 
prospectively up to age 19 and who had data on placental pathology along with 
pre-, peri-, and post-natal variables, including maternal and child BMI.  
This study analyzed 6 Groups defined by placental weight tertiles and 
maternal overweight and obesity (BMI ≥ 25 kg/m2) (binary). Group 0 includes 
lowest placental tertile and maternal not overweight and obesity. Group 1 
includes lowest placental tertile and maternal overweight and obesity. Group 2 
includes middle placental tertile and maternal not overweight. Group 3 includes 
middle placental tertile and maternal overweight and obesity. Group 4 includes 
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highest placental tertile and maternal not overweight. Group 5 includes highest 
placental tertile and maternal overweight and obesity. 
Main outcomes and measures 
 Child BMI z-score was calculated according to United States reference 
data for specific age and sex. Childhood overweight and obesity was defined as 
an BMI in the 85th percentile or greater for age and sex. Maternal overweight and 
obesity was defined as a BMI of 25kg/m2 or greater, and placental weight was 
classified into tertiles based on sex- and gestational age. 
Results 
 The mean (SD) maternal age at delivery was 28.7 (6.6) years and the 
mean (SD) child age at last visit was 9.5 (4.9) years. Among 1,025 mothers, 
54.15% were overweight with an average BMI of 27.0 kg/m2. 68.98% of mothers 
were black, 76.5% never smoked, and 62.73% had less than a high school 
education. Among 1,025 children 447 (43.61%) were overweight. 
As expected, maternal overweight and obesity was associated with the 
highest risk for childhood overweight and obesity, with an odds ratio of 3.752 
(95% CI, 2.137-6.588) as well as the largest increase in child BMI z-score. The 
strong association remained after adjusting for placental weight and other 
covariables, including birth weight. 
When maternal overweight and obesity and placental weight were 
analyzed in combined groups (0-5), they jointly increased the risk of child 
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overweight or obesity. Using group 0 as reference, the group 5 had the highest 
risk of child overweight or obese and the largest increase in child BMI z-score.  
Conclusions 
 In this urban low-income prospective birth cohort, we observed a strong 
inter-generational link of overweight or obesity. Furthermore, there was an 
additive effect of maternal overweight and obesity and placental weight on child 
risk of overweight and obesity. Additional studies are warranted to replicate our 
findings and further investigate the biological pathways underlying the inter-
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Childhood obesity is a major public health crisis that has reached 
epidemic levels (Ogden et al, 2015) and is characterized by excess adipose 
tissue and is associated with multiple severe comorbidities (Greydanus et al, 
2018). In the United States, minority women, especially black and Hispanic 
women, are more likely to be obese than women of other races (Hales et al, 
2017). According to the Centers for Disease Control and Prevention (CDC) the 
percentage of Americans who are obese is 39.8% (38% male, 41.5 % female) 
(Hales et al, 2017). Non-Hispanic black and Hispanic females have a significantly 
higher obesity rate in comparison to non-Hispanic white and non-Hispanic Asian 
females (Hales et al, 2017) (Figure 1). Although multiple studies have examined 
the potential causes of pediatric obesity, to our knowledge, no study has 
examined the role of the placenta and its contribution to inter-generational 
overweight/obesity risk. 
Low-income minority groups are understudied and underrepresented in 
research. The Boston Birth Cohort (BBC) which was established in 1998 consists 
of predominately low-income, urban, minority woman and their children. Using 
the BBC, Ouyang et al (2013) and Wang G. et al (2016) demonstrated that 
maternal overweight/obesity is linked to offspring overweight/obesity. Therefore, 
building on our previous work, we are able to examine and analyze the role the 
placenta may play in contributing to the transgenerational transmission of 




Figure 1: Prevalence of obesity among adults 20 and over, by sex, race and 
Hispanic origin: United States, 2015-2016 (Hales et al, 2017). Demonstrates 
racial disparities among adults in the United States. 
 
 
Obesity Diagnosis Criteria 
The CDC defines overweight as a Body Mass Index (BMI) between the 
85th and 95th percentile for ages 2-19 of the same age and sex. Obesity is 
defined as a BMI above the 95th percentile for ages 2-19 of the same age and 
sex (CDC Overweight and Obesity, Defining Childhood Obesity, 2018). BMI has 
its limitations as a metric of obesity because it does not distinguish between 
excess body fat, muscle mass, or bone density (Grant-Guimaraes et al, 2016). A 
recent study compared different definitions of obesity including the World Health 
Organization (WHO), International Obesity Task Force (IOTF), and the Italian 
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the Italian population and found the WHO system to be more sensitive to obesity 
and cardiometabolic risk factors (Valiero et al, 2017). 
Table 1: CDC classification of obesity (CDC Overweight and Obesity, Defining 
Childhood Obesity; CDC Overweight and Obesity, Defining Adult Obesity, 2018). 
Comparison of childhood and adult definition of obesity. 
Weight Status 
Category 
Percentile Range BMI 
 Childhood Adult 
Underweight < 5th Percentile <18.5 
Normal or Healthy 
Weight 
5th – 85th percentile 18.5–24.9 
Overweight 85th – 95th percentile 25–29.9 
Obese ≥95th percentile 30 
Obese Class I N/A 30 – <35 
Obese Class II N/A 35 – <40 
Obese Class III (Severe 
Obesity) 
N/A ≥ 40 
 
Comorbidities 
Obesity is a major cause of preventable disease, such as cardiovascular 
disease, diabetes, hypertension, obstructive sleep apnea, musculoskeletal 
abnormalities, and mental health issues (Grant-Guimaraes et al, 2016). 
Cardiovascular risk factors increase with increasing obesity (Zabarsky et al, 
2018). Severe obesity increases the cardiometabolic risk compared to children 
with moderately obese weight status (Skinner et al, 2015, Li et al, 2016). Along 
with the increases in cardiovascular morbidity, obesity in childhood leads to 
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increased respiratory morbidity. Other obesity comorbidities include severe 
physical deconditioning, hyperinsulinemia, dyslipidemia, and respiratory 
abnormalities in overweight/obese children (Gidding et al, 2004).  
It is well known that obesity, glucose intolerance, hypertension, and 
hypercholesterolemia increase mortality rates in adults (Franks et al, 2010). 
Franks et al (2010) showed an increase in premature death with increasing BMI, 
obesity, glucose intolerance, and hypertension, but do not find associated 
significance with hypercholesterolemia, most likely due to the lower prevalence of 
death due to cardiovascular disease in the study population. Guo et al (2002) 
showed that a child or an adolescent who is high on the CDC BMI for age growth 
chart has an increased risk of obesity by age 35 and that this risk increases with 
age. At age 18, adolescents with obesity were at increased risk of developing 
comorbidities and cardiometabolic risk factors including venous edema, severe 
walking limitation, abnormal kidney function, asthma, sleep apnea, hypertension, 
and diabetes (Inge et al, 2013). 
 Not included in the list of diseases is the psychosocial impact of pediatric 
obesity. Obese children are found to have increased risk of depression, anxiety, 
and eating disorders. Obesity was found to be present at the onset of these 
psychiatric disorders (Britz et al, 2000). In a recent review, self-esteem was 
found to be impaired in all studies of obese children. Furthermore, obese 
adolescent girls have a greater decrease in self-esteem than similar age obese 
boys (Sagar and Gupta, 2018). 
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National Obesity Trends 
According to the CDC, between 2011 and 2014 the prevalence of obesity 
was 17% in children and 36% in adults, with higher rates among females than 
males (Ogden et al, 2015). Recently, there have been many public health 
initiatives to lower childhood obesity rates, yet, these efforts have not slowed the 
increase in pediatric obesity over the last decade (Skinner et al, 2018). As seen 
in Figure 2, the prevalence of pediatric and adult obesity has steadily increased 
since 1999. However, some reports state that pediatric, ages 2-19, obesity has in 







Figure 2. Obesity prevalence among adults aged 20 and over and youth 
aged 2-19 years: United States, 1999 through 2014 (Ogden et al, 2015). 
Obesity trends in adults and youth in the United states. 
 
In 2016, 18.5% of children, nationally, were obese. Skinner et al found a 
sharp increase in obesity for youth aged 2-5 years when compared to previous 
cycles as well as an increase in severe obesity, across all age groups (Skinner et 
al, 2018). With an increase in early childhood obesity it is important to investigate 
how maternal and perinatal factors play into the development of obesity. A 
person’s obesity risk varies depending on one’s socioeconomic status and race. 
Ogden et al (2018) found a significant linear trend between youth obesity and the 
education level of household heads. The rate of pediatric obesity increases when 
living in households headed by individuals with a high school diploma or less or 
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some college education compared to youth living in households headed by 
college graduates (Ogden et al, 2018). A separate study concludes that obesity 
rates are significantly higher among non-Hispanic black and Hispanic youth 
compared with non-Hispanic white and non-Hispanic Asian youth, as 
demonstrated in Figure 3 (Ogden et al, 2015). As with pediatric obesity, adult 
obesity trends show that non-Hispanic blacks and Hispanics have higher obesity 
for both males and females than non-Hispanic whites and non-Hispanic Asians. 
 
Figure 3: Prevalence of obesity among youth aged 2-19 years, by sex and 
race and Hispanic origin: United States, 2011-2014 (Ogden et al, 2015). 




Unlike race and sex, the relationship between income and obesity rates is 
less understood. Overall, obesity prevalence increases with decreasing income 
level. Among non-Hispanic white, non-Hispanic Asian, and Hispanic females, 
obesity rates decrease with increasing income. Interestingly, unlike the other 
female groups, obesity prevalence for non-Hispanic black females does not 
change among income groups (Ogden et al, 2018). These trends are important 
to investigate since the study population for this study is from a predominantly 
low income, minority population. 
Origins of Obesity 
 Childhood obesity has a variety of documented perinatal roots, including 
maternal obesity (Mesman et al, 2009), gestational weight gain (GWG) (Lugwig 
and Currie, 2010), and gestational diabetes mellitus (GDM) (Gillman et al, 2003). 
Children of mothers with these prenatal factors are more likely to be obese than 
children whose mothers do not have these risk factors. (Gillman et al, 2003; 
Mesman et al, 2009). Along with these prenatal risk factors for childhood obesity, 
birthweight is also shown to be a predictive marker for childhood and adolescent 
obesity. A study by Gillman et al (2003) shows that each 1- kilogram(kg) 
increment of birthweight is associated with an approximately 30% increase in the 
prevalence of overweight and obesity in adolescents. A recent study by the Food 
and Drug Administration and CDC found that children with pediatric obesity were 
more often born to mothers who were non-Hispanic black or Hispanic, less 
educated, with high prepregnancy BMI (Lui. J et al, 2017). Also, obese children 
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had a higher prevalence of high birthweight for gestational age (Lui. J et al, 
2017).  
Inter-generational Link 
Maternal prepregnancy overweight/obesity and excessive GWG are 
associated with greater growth of offspring in early infancy (Ouyang et al, 2013). 
Excessive GWG is associated with an increased risk of overweight and obesity in 
infants (Li. N et al, 2013; Wang. G et al, 2016; Leonard et al, 2017; Lui. J et al, 
2019). A recent study demonstrated that inadequate GWG is protective for 
childhood obesity (Lui et at, 2019). Higher first year BMI growth trajectories are 
associated with higher risk of obesity by age six (Lui et al, 2016).  
Studies have shown that maternal prepregnancy weight, GWG, and 
postpartum weight retention are risk factors for childhood obesity (Leonard et al, 
2017). A study by Leonard et al (2017)—comparing infant weight trajectories 
across pregnancies when the mother started at a normal BMI—shows that a 
mother’s prepregnancy BMI is the greatest risk factor for childhood obesity. 
Figure 4 demonstrates that any classification of above the recommended values 
for prepregnancy BMI (≥25kg/m2), GWG (>35lbs or 15.9kg), and postpartum 





Figure 4: Prevalence of childhood obesity across ages by maternal weight 
trajectories groups. The key indicates women who are classified as “below” or 
“above” (denoted as B or A, respectively) the cutoff at each maternal weight time 
stage (prepregnancy, delivery, and postpartum). “Above” status is defined as 
follows: a prepregnancy BMI (≥25kg/m2); a GWG >35lbs at delivery; and a 
postpartum weight retention ≥5kg (Leonard et al, 2017). 
 
Table 2: The Institute of Medicine (IOM) recommended gestational weight 
gain. The recommended weight gain during pregnancy based on prepregnancy 
weight classification (Institute of Medicine (US) and National Research Council 
(US) Committee to Reexamine IOM Pregnancy Weight Guidelines, 2009).  
Prepregnancy Weight 
Category 
Body Mass Index 
(kg/m2) 
Recommended Range 
of Total Weight Gain 
lbs (kg) 
Underweight <18.5 28–40lbs (12.7–18.1kg) 
Normal Weight 18.5–24.9 25–35lbs (11.3–15.9kg) 
Overweight 25–29.9 15–25lbs (6.8–11.3kg) 





 The placenta serves as a vital organ during pregnancy acting as the 
interface between the mother and fetus and transports nutrients (Yampolsky et 
al, 2008), but the placenta, particularly its weight, and its influence on infant and 
childhood overweight/obesity is underexplored. Generally, the two primary 
influences on placental weight are: maternal factors and gestational age. 
Maternal factors, such as prepregnancy overweight/obesity, GDM, and excessive 
GWG are associated with greater placenta weights (Abenhaim et al, 2007; 
L’Abée et al, 2010; He et al, 2017). Conversely, intrauterine restrictions are 
associated with lighter placenta weights (Mayhew et al, 2003) and maternal 
undernutrition is associated with intrauterine growth restriction due to placental 
insufficiency (Gaccioli and Lager, 2016). 
Placental weight is also closely associated with gestational age. Typically, 
the placenta increases in size and weight until late in gestation to support the 
developing fetus (Teasdale, 1980). Thus, the longer the gestational period the 
greater the placental weight, and vice versa. The most studied maternal factors 
that affect childhood overweight/obesity risk are prepregnancy BMI and GWG 
and in a previous study of 154,590 participants found that these prenatal factors 
were associated with elevated childhood BMI and increased risk of childhood 
overweight/obesity from infancy to age 7 (Ouyang et al, 2016). The study also 
shows that including placental weight in their models partially mediates the 
effects of pregnancy obesity, excessive GWG, and GDM on childhood obesity 
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(Ouyang et al, 2016). Similarly, to another study of 800 participants this study 
finds that placental weight independently was a predictor of childhood BMI and 
obesity (Hindmarsh et al, 2008; Ouyang et al, 2016). 
 Gestational age may affect a child’s postnatal growth pattern, thus the risk 
of childhood overweight/obesity. Preterm infants miss the final weeks of 
intrauterine growth (Teasdale, 1980) and have lower birthweights at birth than 
infants delivered at term (Weiner et al, 1985). Therefore, it is important to 
evaluate the role of the placenta and maternal overweight/obesity on fetal growth 
and development since infants may have different intrauterine growth patterns 
depending on gestational age. 
 The role of the placental weight on inter-generational overweight/obesity 
has not been extensively researched. Another study by the BBC, examined the 
association of maternal prepregnancy BMI and plasma folate concentration with 
child metabolic health but did not examine the role of the placenta (Wang. G et 
al, 2016). In the study by Ouyang et al (2016), which investigated maternal BMI, 
GDM and GWG in relation to childhood obesity and showed that placental weight 
partially mediates the effect of maternal BMI, GDM and GWG on childhood BMI. 
However, the data from Ouyang et al (2016) is 60 years old and not 
contemporary. Lastly, a previous study by the BBC only examined the role of 
maternal BMI and placental weight and its effect on birthweight and found that 
maternal overweight/obesity, GWG and GDM were associated with greater 
birthweight-for-gestation age z-score and BMI at birth and that placental weight 
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partially mediated these associations (Ouyang et al, 2013). However, this study 
did not include overweight/obesity in childhood.  
Specific Goals and Aims 
 The specific aim of this study is to examine the role of placenta in pediatric 
overweight/obesity, especially in the context of inter-generational 
overweight/obesity, using extensive data from the BBC, an urban, predominately 
low-income, minority, prospective birth cohort.  A previous study from the BBC 
examined the role of the placenta on fetal growth and found that placental weight 
partially mediates the effect of prepregnancy BMI, GDM, and excessive GWG 
(Ouyang et al, 2013). By utilizing postnatal follow up data of the BBC, our study 
hopes to expand the previous study’s results and further examine the role of the 
placenta, independently and jointly with maternal prepregnancy 






Participants and Data Collection Procedures 
 The study included 1025 mother-child pairs, a subset of the BBC, which 
have data from the two ongoing studies: Molecular Epidemiology of Preterm 
Birth: Environmental and Genetic interactions (i.e., Preterm Study) and Boston 
Medical Center Children’s Health Study (CHS).  
Participants in the Preterm Study, which began in 1998, were recruited 24-
72 hours after delivery in the postpartum unit of Boston Medical Center (BMC). 
Participants were enrolled based on a case-control design, with two controls 
being matched for age and ethnicity for every case. Cases were defined as 
women who delivered singleton, live, low birth weight (less than 2500 grams) 
(LBW) or preterm infants (less than 37 weeks’ gestation). Controls were matched 
for age and ethnicity and were defined as women who delivered singleton, live, 
full term infants (greater or equal to 37 weeks) with a birthweight of 2500 grams 
or more. Multiple gestation pregnancies, newborns with major birth defects or 
chromosomal abnormalities, pregnancies resulting from in-vitro fertilization, and 
deliveries resulting from maternal trauma were excluded from enrollment (Wang 
et al, 2002). After obtaining informed consent, an in-person interview was 
conducted using a standardized questionnaire that collects information on 
maternal demographics, preconception weight and height, nutrition, reproductive 
history, smoking, alcohol, and drug use during pregnancy (Wang. X et al, 2002). 
Maternal and infant medical records were reviewed to obtain clinical data 
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including prenatal care, pregnancy complications and birth outcomes. A sample 
of the placenta was obtained by research staff from the labor and delivery fridge 
or from the pathology department at BMC.  
The CHS recruitment began in 2004 and is an ongoing prospective 
longitudinal cohort study that follows the mother-infant pairs enrolled in the 
Preterm Study. Subjects were recruited at their annual pediatric appointment at 
BMC. The BBC is made up of mother-child pairs, only children with their 
biological mothers, who also remain as their legal guardians were eligible for 
enrollment. First, informed consent was obtained from the mothers in addition to 
a youth consent for participants over the age of 12 and verbal assent for children 
ages 7–11. Then, a face-to-face interview was conducted, using standardized 
baseline and follow-up questionnaires, to collect information on participants 
medical histories, home environments, food allergies, sleep histories, and 
asthma statuses. Along with the annual questionnaire mothers completed 
developmental questionnaires. When children reached age six, participants 
completed an annual puberty standardized questionnaire, and had their waist 
circumference measured, and their body composition analyzed by Biolectrical 
Impedance Analysis using a Tanita Body Composition analysis scale (Model SC-
331S). Mothers and participants who had a pacemaker or were pregnant at 
follow up are excluded from the body composition analysis due to the risks that 
the test posed. At age three and older, urine samples are collected annually. 
Blood samples were collected at five time points during childhood. Time 1 was 
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between 9-12 months old, time 2 was between 2–3 years old, time 3 was 
between 4–5 years old, time 4 was between 6–7 years old, and time 5 was 
between 10–15 years old. Then, between ages 18–21, blood was collected on an 
annual basis. 
 Recruitment and follow up of CHS was carried out in the outpatient 
pediatric clinics from 2004 to 2016. Participants were recruited at both the 
primary care and adolescent clinics, as well as the following specialty clinics: 
allergy, cardiology, comprehensive care program, developmental and behavioral 
pediatrics, endocrinology, eye clinic, gastrointestinal, genetics, grow clinic, 
hematology, infectious diseases, neurology, nutrition for life, surgery, 
pulmonology, and rheumatology. Additionally, participant’s mothers were 
recruited at BMC’s obstetrics and gynecology clinic. 
Study Eligibility and Restrictions 
In order to be eligible for this analysis participants had to have been 
enrolled in both the Preterm Study and the CHS. Any participants only enrolled in 
the preterm study were excluded from this analysis. Any participant missing data 
for placental weight, maternal overweight status, and childhood BMI z-scores 





Main Study Variables 
Placental Weight 
 Placental weight was abstracted from the pathology reports in the 
mothers’ medical records. The obstetricians at BMC sent placentas to pathology 
at the time of delivery for various reasons, including prematurity, intrauterine 
growth restriction, concern for chorioamnionitis or abruptions, maternal drug 
and/or alcohol use, hypertensive disorders, or perinatal depression. Placentas 
were fixed in formalin for one to two days, membranes and umbilical cord 
removed and then weighed on a digital scale. The study staff had no control over 
which placentas were sent to pathology. Placental weight was classified into 
three groups—low, medium, and high—based on sex-and gestational age-
specific tertiles of placental weights (Ouyang et al, 2013).  
Maternal overweight or obesity 
 Maternal prepregnancy BMI (kg/m2) was calculated using the mothers’ 
prepregnancy weight and height, which was obtained by self-report during the 
maternal postpartum interview. The maternal prepregnancy BMI was categorized 
as not overweight (BMI 0–25 kg/m2) and overweight/obese as (BMI greater than 
25 kg/m2). 
Main Outcomes Childhood overweight/obesity. 
 Childhood height and weight were collected by medical record abstraction 
repeatedly every year and calculated BMI z-score, which represents the 
percentile rank of BMI in the reference population of children of a given age and 
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sex. BMI was calculated as child weight (kg)/ child height2 (m2). Childhood 
overweight/obesity was defined as BMI in the 85th percentile or greater for age 
and sex, as shown in Table 1. Children were ages 2-19 years old. 
Covariates 
Maternal sociodemographic factors (age, race/ethnicity, and education), 
smoking history, and parity were obtained by maternal self-report using a 
standardized questionnaire during the maternal post-partum interview. Maternal 
parity was obtained by maternal self-report and confirmed by medical record 
abstraction (Wang et al, 2016).  
Maternal education status was broken down into two groups, less than 
high school graduate or high school graduate and above, with seven participants 
missing data on education. Maternal smoking status was coded as never 
smoker, ever smoker, and continuous smoker based on maternal self-report, with 
five participants having unknown smoking status. Maternal race was also based 
on maternal self-report and was coded as black, which included black/African 
American, Haitian, and Cape Verdean; Hispanic; and other, which included 
white, Asian, Pacific Islander, mixed-race; or other.  
Infant factors, including sex, birthweight, and gestational age were 
abstracted from the infants’ medical records. Gestational age was determined at 
delivery from maternal report of last menstrual period (LMP) and early ultrasound 
(less than 20 weeks). If the estimate of gestational age from the ultrasound 
differed by greater than seven days than that predicted by maternal report of 
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LMP, then gestational age was based off ultrasound assessment. If there was no 
ultrasound and no known date of LMP, the clinician report of gestational age 
based on Dubowitz physical exam findings determined the gestational age at 
birth. Preterm was defined as gestational age less than 37 weeks and term was 
defined as greater than or equal to 37 weeks (Ouyang et al, 2013). Birthweight 
was measured by labor and delivery nurses and was obtained through a medical 
record abstraction. 
Breastfeeding data including length of exclusive breast feeding (months, 
weeks, and days) was collected after enrollment in CHS using a standardized 
baseline questionnaire. During the standardized maternal post-partum interview 
the mothers self-reported breastfeeding intentions as breastfeed only, formula 




Table 3: Maternal and child characteristics of study participants by 
maternal over weight/obesity status and placental weight tertiles 
(conditional on gestational age). Groups are defined in Table 4 based on 
placental weight and maternal overweight and obesity. Group 0 includes lowest 
placental tertile and maternal not overweight. Group 1 includes lowest placental 
tertile and maternal overweight and obesity. Group 2 includes middle placental 
tertile and maternal not overweight. Group 3 includes middle placental tertile and 
maternal overweight and obesity. Group 4 includes highest placental tertile and 
maternal not overweight. Group 5 includes highest placental tertile and maternal 
























       
























































































































































































































































































       

































 Study participants were divided into 6 groups for analysis based on 
placental weight based on sex-and-gestational age specific tertiles and maternal 
overweight or obesity status (binary). First, the placental weight was divided into 
3 tertiles and maternal BMI was classified as not overweight BMI<25kg/m2 and 
overweight as BMI ≥ 25 kg/m2. Table 4 shows the breakdown of combined 
groups. Group 0 includes lowest placental tertile and maternal not overweight, 
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and served as the reference group. Group 1 includes lowest placental tertile and 
maternal overweight and obesity. Group 2 includes middle placental tertile and 
maternal not overweight. Group 3 includes middle placental tertile and maternal 
overweight and obesity. Group 4 includes highest placental tertile and maternal 
not overweight. Group 5 includes highest placental tertile and maternal 
overweight and obesity. The groups were used to model the combined effect of 
placental weight and maternal overweight/obesity on childhood overweight/ 
obesity. 
 
Table 4: Breakdown of combined groups for analysis. Breakdown of 
participants for analysis. 
 Placental Tertile Maternal Weight 
Group 0 Lowest Tertile Not Overweight/Obese: 
BMI<25kg/m2 
Group 1 Lowest Tertile Overweight/Obese: 
BMI ≥ 25 kg/m2 
Group 2 Middle Tertile Not Overweight/Obese 
BMI<25kg/m2 
Group 3 Middle Tertile Overweight/Obese: 
BMI ≥ 25 kg/m2 
Group 4 Highest Tertile Not Overweight/Obese: 
BMI<25kg/m2 
Group 5 Highest Tertile Overweight/Obese: 
BMI ≥ 25 kg/m2 
 
Table 4 demonstrates the breakdown of participants for analysis. All 
statistics were done in SAS studio university edition, version 2.7 9.4 M5, 
comparing the combined effect of placental weight and maternal weight on 




First, using a logistic regression and linear regression the first model 
modeled the effect of maternal overweight/obesity on childhood 
overweight/obesity and BMI z-scores, respectively. The second model adjusted 
for placental weight as a continuous variable. The third model adjusted for 
placental weight based on placental tertile. The fourth model modeled for the 
combined effect of placental weight and maternal overweight/obesity on 
childhood overweight/obesity by sorting the participants into groups as previously 
described. All logistic regressions satisfied the conversion criteria (GCONV=1E-
8). Next, all models were adjusted additional covariables including maternal age, 
parity, maternal smoking, maternal education, maternal race, gestational age <37 






 Among 1,025 mothers, 54.15% were overweight/obese with an average 
BMI of 27.0 kg/m2. Of the mothers, 68.98% were black, 76.50% never smoked, 
and 62.73% had less than a high school education. Among the 1,025 children 
447 (43.61%) were overweight/obese.  
 Table 3 presents/disaggregates participant characteristics by analysis 
group. Mothers who had BMI greater than 25 kg/m2 (Groups 1,3, and 5) were 
likely to be older (mean age 29.7, 29.6, and 30.0, respectively), less educated 
(34%), and 40% to be black. Groups 4 and 5 had the highest mean birthweight, 
3148.7g and 3232.1g, respectively. Groups 4 and 5 also had the highest mean 
gestational age (37.9 weeks) when compared to all groups. As expected, groups 
4 and 5 had the largest mean placental weight (543.2g and 540.1g) and as 
placental weight increased so did birth weight. Groups 0 and 1 had the lowest 
mean gestational age and also had the lowest average birthweight and placental 
weight. There were more nulliparous mothers in Group 2 and the least in Group 
4. 
Maternal BMI and Childhood BMI  
 For women with a BMI ≥ 25 kg/m2 a 1 kg/m2 increase in BMI was 
associated with a 0.63092 increase, p<0.0001, in BMI z-scores for children. As 
maternal BMI increased there was a significant increase in childhood 
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overweight/obesity. Overweight/obese women are 2.686 (95% confidence 
interval (CI): 2.054, 3.511) times more likely to have a child with overweight or 
obesity. Tables 5 and 6 shows these results and demonstrate that maternal age, 
education, race, smoking status, and gestational age do not have a significant 
effect on childhood overweight/obesity. Table 6 demonstrates that for every one 
unit change in birthweight there was a significant increase in childhood BMI z-
score. For parity, a one unit increase in births significantly decreased childhood 
BMI Z-score, and decreased the odds of an overweight/obese child, odds ratio 
(OR) of 0.689 (95% CI: 0.518, 0.917).  
 
Table 5: Effect of maternal overweight/obesity on childhood 
overweight/obesity. Effect of maternal overweight/obesity on childhood 
overweight/obesity (not adjusted for placental weight). 
Model 1: Odds Ratio Estimates for the effect of maternal 
overweight/obesity on childhood overweight/obesity 




2.686 2.054 3.511 
Maternal Age 1.007 0.985 1.029 
Maternal Parity 0.689 0.518 0.917 
Smoke 1.009 0.099 1.028 
Education 1.015 0.998 1.032 
Race 0.957 0.794 1.154 
Preterm 1.122 0.806 1.563 









Table 6: Effect of maternal BMI on childhood BMI z-scores. Effect of 
maternal overweight/obesity on childhood BMI z-scores (not adjusted for 
placental weight). 
Model 1: Linear Regression Parameter estimates for the effect of 
maternal BMI on childhood BMI z-scores 




t value Pr > |t| 
Intercept 1 -0.58134 0.23694 -2.45 0.0143 
Maternal Over 
weight/obesity 
1 0.63092 0.0761 8.29 <.0001 
Maternal Age 1 0.00726 0.00622 1.17 0.2433 
Maternal Parity 1 -0.21994 0.08173 -0.269 0.0072 
Smoke 1 0.00283 0.00535 0.53 0.5974 
Education 1 0.00400 0.00455 0.88 0.3794 
Race 1 0.00253 0.05366 0.05 0.9624 
Preterm 1 0.15285 0.09502 1.61 0.108 
Birthweight 1 0.00032544 0.0000527 6.18 <.0001 
 
Effect of Maternal Weight Adjusted for Placental Weight  
 When adjusted for placental weight, a one unit increase in maternal BMI 
increased childhood BMI z-score by 0.63035, p<0.0001. Overweight/obese 
mothers had a 2.686 chance (95% CI 2.055, 3.512) of having an 
overweight/obese child. Consistent with model one, Table 7 shows that maternal 
overweight/obesity increased the risk of childhood overweight/obesity. Table 8 
shows the adjusted values of maternal weight on childhood BMI z-scores. 
Consistent with the previous model, when adjusted for placental weight there 
was significant increase in childhood BMI z-scores for one unit increase in 
birthweight. Independently, placental weight did not significantly change 
childhood BMI Z-scores. When adjusted for placental weight there was no 
change in the previously reported decrease in childhood BMI with increased 
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parity, and a decrease in the odds of a child being overweight/obese OR 0.685 
(95% CI: 0.515, 0.912).  
 Tables 7 and 8 supplement these results and, as seen previously, there 
was no change in BMI z-scores for maternal age, race, education, smoking 
status, or gestational age of infant. 
Table 7: Effect of maternal overweight/obesity on childhood overweight/ 
obesity adjusted for placental weight. Shows the effect of maternal 
overweight/obesity on childhood overweight/obesity (adjusted for placental 
weight).  
Model 2: Odds Ratio Estimate Adjusted for Placental Weight 
Parameters Point Estimate 95% Wald Confidence Limits  
Maternal 
Overweight/obesity 
2.686 2.055 3.512 
Maternal Age 1.007 0.985 1.029 
Parity 0.685 0.515 0.912 
Smoke 0.009 0.99 1.029 
Education 1.015 0.998 1.032 
Race 0.954 0.791 1.15 
Preterm 1.102 0.788 1.541 
Birthweight 1.000 1.000 1.001 


















Table 8: Effect of maternal overweight/obesity on childhood BMI z-scores 
adjusted for placental weight. Effect of maternal overweight/obesity on 
childhood overweight/obesity (adjusted for placental weight).  
Model 2: Adjusted for Placental Weight 
 
Variable DF Parameter 
Estimate 
Standard Error t Value Pr > |t| 
Intercept 1 -0.62627 0.23777 -2.63 0.0086 
Maternal 
Overweight/obesity 
1 0.63035 0.07599 8.29 <.0001 
Maternal Age 1 0.00737 0.00621 1.19 0.2352 
Parity 1 -0.22919 0.08176 -2.8 0.0052 
Smoke 1 0.00317 0.00535 0.59 0.5537 
Education 1 0.00397 0.00454 0.87 0.3823 
Race 1 -0.00271 0.05366 -0.05 0.9597 
Birthweight 1 0.00021924 0.00007617 2.88 0.0041 
Preterm 1 0.12417 0.09605 1.29 0.1964 
Placental Weight 1 0.00084054 0.00043577 1.93 0.054 
 
Effect of Maternal Weight Adjusted for Placental Tertile 
 Consistent with previous models, maternal overweight/obesity adjusted for 
placental weight tertiles showed a significant increase, p<0.0001, in childhood 
BMI z-score for 1 kg/m2 increase in maternal BMI. The two highest placental 
tertiles had a significant effect on childhood BMI z-scores. A one unit increase in 
placental weight for both tertiles increased childhood BMI z-scores significantly. 
A one unit increase in parity still showed a decrease in the BMI z-scores with a 
decrease in the odds of having an overweight/obese child 0.683 (95% CI: 0.513, 
0.91). As seen in previous models, a one unit increase in birthweight leads to a 
significant increase in childhood BMI. Tables 9 and 10 supplement these results 
and as seen previously there was no change in BMI z-scores for maternal age, 
race, education, smoking status, or gestational age of infant. 
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Table 9: Effect of maternal overweight/obesity on childhood 
overweight/obesity adjusted for placental tertile. Demonstrates the effect of 
maternal weight adjusted for placental tertile on childhood overweight and 
obesity and controlled for covariates.  
Model 3: Adjusted for Placental Tertile 
Parameter Point Estimate 95% Wald Confidence Limits 
Placental Middle 
Tertile 
1.319 0.918 1.894 
Placental Highest 
Tertile 
1.351 0.859 2.124 
Maternal 
Overweight/obesity 
2.708 2.068 3.545 
Maternal Age 1.007 0.985 1.029 
Parity 0.683 0.513 0.91 
Smoke 1.008 0.989 1.028 
Education 1.015 0.998 1.032 
Race 0.959 0.796 1.157 
Preterm 1.084 0.775 1.515 
Birthweight 1.000 1.000 1.000 
 
 
Table 10: Effect of maternal overweight/obesity on childhood BMI z-score 
adjusted for placental tertile. Demonstrates the effect of maternal 
overweight/obesity adjusted for placental tertile on childhood BMI z-scores and 
controlled for covariates. 
Model 3: Adjusted for Placental Tertile 




t Value Pr > |t| 
Intercept 1 -0.48593 0.243 -2.00 0.0458 
Placental Middle Tertile 1 0.25514 0.10273 2.48 0.0132 
Placental Highest Tertile 1 0.31231 0.1292 2.42 0.0158 
Maternal 
Overweight/obesity 
1 0.63467 0.07614 8.34 <.0001 
Maternal Age 1 0.00731 0.0062 1.18 0.2387 
Parity 1 -0.2297 0.08167 -2.81 0.005 
Smoke 1 0.00241 0.00536 0.45 0.6533 
Education 1 0.00385 0.00454 0.85 0.3966 
Race 1 0.00394 0.05354 0.07 0.9413 
Preterm 1 0.11939 0.09564 1.25 0.2122 
Birthweight 1 0.00021528 0.00006888 3.13 0.0018 
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Combined Effect of Maternal Weight and Placental Weight 
 There was no significant difference in placental weight between groups 
within placental tertile. Groups 1, 3, and 5, who had maternal BMI ≥ 25 kg/m2, 
regardless of placental weight tertile all demonstrated a significant increase in 
childhood BMI z-score with a 1 kg/m2 increase in maternal BMI regardless of 
placental weight tertile. Groups 1, 3 and 5 all had increased OR for children 
being overweight/obese. Group 5 had the largest increase in childhood BMI z-
score (0.94619) for a one unit change in maternal BMI and OR of 3.752 (95%CI 
2.137, 6.588). Groups 2 and 4 did not have elevated maternal BMI ≥ 25 kg/m2 
and there was no significant increase in childhood BMI z-score with a 1 kg/m2 
increase in maternal BMI. Maternal parity kept the same trend shown in previous 
models: decreasing both the likelihood of a child being overweight/obese and a 
decreasing childhood BMI z-score with a one unit increase in maternal BMI. 
Tables 11 and 12 supplement these results and as seen previously there was no 
change in BMI z-scores for maternal age, race, education, smoking status, or 














Table 11: Combined effect of placental weight and maternal 
overweight/obesity on childhood overweight/obesity. The combined effect of 
placental weight and maternal overweight/obesity on childhood overweight and 
obesity. 
Model 4: Combined Effect of Placental Weight and Maternal Weight on 
Childhood Overweight/Obesity 
Parameter Point Estimate 95% Wald Confidence Limits 
Group1 2.746 1.687 4.47 
Group2 1.364 0.824 2.26 
Group3 3.511 2.113 5.834 
Group4 1.323 0.736 2.38 
Group5 3.752 2.137 6.588 
Maternal Age 1.006 0.985 1.029 
Parity 0.684 0.514 0.911 
Smoke 1.008 0.989 1.028 
Education 1.015 0.997 1.032 
Race 0.96 0.796 1.157 
Preterm 1.084 0.775 1.517 

























Table 12: Combined effect of placental weight and maternal 
overweight/obesity on childhood BMI z-scores. The combined effect of 
placental weight and maternal overweight/obesity on childhood BMI z-scores. 
Model 4: Combined Effect of Placental Weight and Maternal Weight on 
Childhood Overweight/Obesity 




t Value Pr > |t| 
Intercept 1 -0.48513 0.25426 -1.91 0.0567 
Group1 1 0.6334 0.13303 4.76 <.0001 
Group2 1 0.25373 0.13617 1.86 0.0627 
Group3 1 0.89 0.14012 6.35 <.0001 
Group4 1 0.31208 0.16131 1.93 0.0533 
Group5 1 0.94619 0.15661 6.04 <.0001 
Maternal 
Age 
1 0.00732 0.00622 1.18 0.2394 
Parity 1 -0.22973 0.08178 -2.81 0.0051 
Smoke 1 0.00241 0.00537 0.45 0.6538 
Education 1 0.00385 0.00455 0.85 0.3972 
Race 1 0.00395 0.05366 0.07 0.9413 
Preterm 1 0.11932 0.09599 1.24 0.2141 
Birthweight 1 0.00021516 0.00006966 3.09 0.0021 
 
  
 A linear regression analysis for the combined effect of placental weight 
and maternal weight demonstrated a significant change in BMI z-scores. It also 
showed that an increase in birthweight leads to a greater change in BMI z-scores 






 In this prospective birth cohort study, the combined effect of maternal 
overweight and obesity and placental weight was associated with greater 
childhood BMI and a higher risk for childhood overweight and obesity. 
Additionally, this analysis duplicated previous findings that increased birthweight 
(Gillman et al, 2003) and maternal overweight/obesity increase the risk of a high 
childhood BMI (Li et al, 2013). Li et al (2013) results showed that 
overweight/obesity rates are related to a woman’s race and socioeconomic 
status. Minority/non-white women and those who had a low socioeconomic 
status were the most likely population to be overweight or obese. Our results also 
demonstrated that mothers who are overweight/obese are more likely to have 
children who are overweight/obese. Combined, these findings reveal a 
concerning cycle of overweight/obesity that is affecting the minority communities 
of the United States. High placental weight had an additive effect with maternal 





 Figure 5: Distribution of BMI z-score versus maternal BMI grouped 
by placental tertile, BBC. Childhood BMI z-score by maternal BMI broken down 
by placental tertile. 
 
 Figure 5 shows that regardless of placental tertile, maternal BMI led to 
increased childhood BMI z-score. However, it also shows that a higher placental 






Figure 6: Increase in overweight/obese children as placental weight 
increases to overweight/obese mothers, BBC. Breakdown of 
overweight/obese children by analysis group based on placental weight and 
maternal overweight/obesity. 
  
Figure 6 demonstrates the combined effect of placental weight and 
maternal overweight/obesity on childhood overweight/obesity. Figure 6 illustrates 
that as placental weight increased, the likelihood of having a child being 
overweight/obese increased significantly. Additionally, it shows that the high 
placental weight groups had a high percentage of overweight/obese children. 
Figure 7 shows that regardless of placental weight, maternal overweight/obesity 
increased childhood BMI percentile and shows the additive effect of placental 

















Number of overweight/obese children per analysis 
group based on placental weight




Figure 7: Box plot of BMI percentile for analysis groups, BBC. 
Demonstrating the range of childhood BMI percentiles broken down by analysis 
group based on placental weight and maternal overweight/obesity.  
 
 Our study analysis differs from previous research that found that placental 
weight independently predicted for childhood overweight/obesity (Ouyang et al, 
2016). Our analysis found that the combined effect of larger placental weight and 
maternal overweight/obesity led to a higher increase in childhood BMI than with 
maternal overweight/obesity alone. Thus, placental weight has an additive effect 
with maternal overweight/obesity and childhood overweight/obesity. However, 
placental weight alone did not increase the likelihood of a child being 
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overweight/obese. Ouyang et al (2016) focused on the role of prenatal factors, 
including prepregnancy overweight/obesity, excessive GWG, and GDM, 
associated with childhood overweight/obesity. Despite this difference, our study 
was consistent with previous studies that found maternal overweight/obesity and 
birthweight to both be predictors for childhood overweight/obesity.  
 Our study found that independent of adjustment, an increase in 
birthweight led to an increase in childhood BMI z-score. This is consistent with 
previous findings that birthweight increases the prevalence of overweight/obesity 
in childhood (Gillman et al, 2003; Lui et al 2017). The combined effect of 
maternal overweight/obesity and placental weight shows that birthweight 
independently increases childhood BMI.  
Our results are physiologically plausible since the placenta passes 
nutrients from the mother to the developing fetus (Gaccioli and Roberts, 2016). 
Maternal overweight/obesity indicates maternal overnutrition, which leads to 
large placentas and high birthweight (Hindsmarsh et al, 2008). These large 
placentas and greater birthweights then lead to an increased risk of childhood 
overweight/obesity. Increased placental size has been shown to be associated 
with an increased risk of hypertension later in life (Barker et al, 2010). Evidence 
shows that the placenta plays a role in cardiometabolic development of infants 
(Thornberg et al, 2010). With the increased cardiovascular risk associated with 
overweight/obesity, the combined effect of placenta weight and maternal 
overweight/obesity could lead to increased risk of cardiac disease later in life. A 
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large placenta and maternal overweight/obesity could lead to an over-nutrition 
environment during development that may impact future offspring growth and 
metabolism, which may increase the susceptibility to childhood 
overweight/obesity.  
Overweight/obesity is considered to be a physiological state of chronic, 
low-grade inflammation that is worsened by the metabolic changes of pregnancy 
including increased blood volume and cardiac enlargement (Roberts et al, 2015). 
Obese women have significantly increased placental pro-inflammatory 
macrophages and high levels of inflammatory cytokines (Challier et al, 2008). 
Placental nutrient transporters increase in activity in response to inflammatory 
cytokines (Jones et al, 2009). Therefore, obese women have increased nutrient 
transport compared to non-obese women. These previously reported findings, 
along with our own results, could help explain how increased placental weight 
may lead to the increase in birthweight and childhood overweight/obesity for 
children of overweight/obese mothers.  
 This study’s findings are strengthened by its large sample size and the 
prospective nature of the birth cohort design. The prospective design limited the 
observation bias by the researcher, while the large sample size increased the 
generalizability of these results. The study is also bolstered by length of time of 
enrollment. The 15-year period allowed for multiple arthrometric measurements 
and follow-up visits, which led to a unique opportunity to longitudinally examine 
the role of inter-generational overweight/obesity risk. As shown previously, 
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minority women of color are most affected and this study had 68.9% black 
women and 19% Hispanic women. This study had a unique opportunity to 
examine the how maternal overweight/obesity affects childhood 
overweight/obesity, specifically in a minority population. 
 This study did have some limitations. For example, some reports were 
based on maternal self-report, which could have been affected by recall bias. 
Additionally, this study did not include every possible variable/factor in its 
analysis. A recent review demonstrated that the protective effect of breastfeeding 
for overweight/obesity was outweighed by socioeconomic status, maternal BMI, 
and maternal smoking (Agostoni et al, 2019); however, this study did not 
investigate the role of breastfeeding in its analysis. This study was unable to 
analyze participants whose placenta did not meet the criteria for pathological 
testing, therefore excluding a large number of participants from this analysis. 
Lastly, placental weight does not equate to placental function for nutrient transfer. 
 A further limitation that should be acknowledged is the use of BMI to 
classify overweight/obesity. While it is an accepted form of diagnosis by the 
CDC, IOTF, and WHO to diagnosis overweight/obesity and classify weight, it is 
important to note that BMI does not differentiate between lean body mass and fat 
mass in the calculation of BMI. This study provides the basis for further studies 
on the role of the placenta in childhood overweight/obesity. A future area of 
exploration should include data based on body composition analysis that can 
distinguish between lean body mass and fat mass.  
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 Low prepregnancy BMI has been associated with intrauterine growth 
restriction and spontaneous preterm birth (Neggers and Goldenberg, 2003), 
which comes with its own associated risks. High maternal BMI and placental 
weight was found to increase the risk of childhood overweight/obesity. Our 
results establish the need to better understand inter-generational 
overweight/obesity risk and how nutrition and activity could counteract the effects 
of established risk factors. 
 In conclusion, this large, minority, birth cohort observed a strong inter-
generational link of overweight/obesity and provides new insight into childhood 
overweight/obesity risk. Furthermore, there was an additive effect of placental 
weight with maternal overweight/obesity on child risk of overweight/obesity. 
Further investigation is warranted amongst different study populations to confirm 
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